Introduction
young age and appears to be stable, over both time and situation (Lansade & Simon, 2010) . previous equine temperament questionnaires (Momozawa et al., 2003; Momozawa et al., 141 2005a; Lloyd et al., 2007) . A 1-9 Likert scale was used to assess 41 temperament 142 descriptions. Each description was identified by a definition in order to ensure that participants 143 had an agreed understanding of the temperament term being used. For example the 144 temperament description 'Concentration' was accompanied by the definition 'is trainable and 145 undisturbed by the environment'. All of the chosen temperament descriptions were selected 146 from the aforementioned studies, though some were omitted due to repetition or irrelevance 147 with reference to dopamine. One additional temperament description 'Impulsive' with 148 accompanying definition 'tends to act without forethought, regardless of the consequences' 149 was added, as impulsivity is thought to be characteristic of abnormal behaviors such as 150 stereotypy (Garner & Mason, 2002) and has links back to dopamine transmission (Cools, 151 2008). The method to assess SBR for all of the horses has previously been described in Roberts et 155 al. (2015) . To reduce stress for the animal during observations, all horses had visual contact 156 with conspecifics. The purpose of this was for both ethical reasons i.e. not to isolate a social for a solo observer to record true bilateral eye closures, so only the left eye was observed for 165 all horses. As such, the horses head collar remained on throughout to ensure the horse 166 remained in position in such a way that the observer had full view of the horses left eye whilst 167 outside the stable at all times. This procedure was repeated in the same manner over three 168 consecutive days, allowing a mean SBR/30minutes to be calculated for each horse. 
Behavioral Initiation Rate Observation 171
This procedure has previously been described for use in the horse by Roberts et al. (2015) , 172 based on BIR observations of bank voles (Garner & Mason, 2002) . The horse was stabled 173 within their home stable and habituated to the observers' presence for 10 minutes as 174 described in Section 2.3. Following habituation, each behavioral initiation was recorded by 175 continuous sampling utilising a mechanical counter for 30 minutes where the observer was 176 positioned outside of the stable though with full view of the horse. All behaviors performed 177 were defined by a pre-determined ethogram (McDonnell, 2003) , and similar to Garner and 178 Mason (2002) only the number, not the type, of behaviors was recorded. Furthermore, each 179 bout of behavior was recorded as one initiation irrespective of the previous behavior, 180 consequently the sequence 'Feeding -Grooming -Feeding -Drinking -Standing Rest' was 181 recorded as four initiations (Garner & Mason, 2002; Roberts et al., 2015) . Thus, movement 182 made as part of an identifiable behavior, for example lifting of the head whilst still undergoing 183 mastication as part of feeding was accepted as part of the behavior and therefore not 184 recorded as an initiation of a new behavior (Roberts et al., 2015) . Recording of stereotypic 185 behaviors was considered in terms of bouts of behavior, i.e. regardless of the number of 186 weaves produced, each single bout of weaving was recorded as one behavioral initiation. mean BIR/30minutes to be calculated for each horse. Correlation Coefficient, similar to that conducted previously utilising both behavioral and 199 questionnaire measures (Lloyd et al., 2007) . Mean SBR and BIR values were also calculated.
200
A second PCA was conducted to investigate SBR and BIR as contributory towards A 99% return rate was achieved from the questionnaires, only animals with which 218 temperament data were available were utilised for subsequent analysis, giving a total of n=99.
219
Initially, all 41 temperament variables were utilised to perform the PCA. Five temperament 220 traits (Timidity, Sociable, Protective, Subordinate and Permissive) were deemed unreliable 221 following examination of the KMO statistic and were consequently removed from further PCA 222 analysis. When the PCA was conducted with the remaining 36 temperament descriptions, 223 nine components were extracted accounting for 72.4% of the total variance (see Table 1 ).
224
The names of the components were derived from examination of the individual temperament 225 definitions which contribute towards a component (Table 2) . Previous research was also 226 taken into account (Momozawa et al., 2003; Momozawa et al., 2005; Lloyd et al., 2007; Nagy 227 et al., 2010; Ijichi et al., 2013 ; See Appendix 1). As such, the components were named as The mean (±SEM) SBR/30 min was found to be 547.72±15.66, whilst the mean (±SEM) 240 BIR/30 min was 24.94±2.30. The lowest value for SBR/30 min was 243, whilst the highest 241 was 1140, whereas the smallest value for BIR/30 min was 1 though the highest was 133. The
242
Spearman rank correlation coefficient analyses determined that the temperament component 243 'Anxiety' was positively correlated with SBR (rs (97) = 0.202, p = 0.045) and 'Docility' was 244 negatively correlated with SBR (rs (97) = -0.215, p = 0.032). There were no significant 245 correlations between temperament traits and BIR. 
Effect of Use
Distributions of temperament and dopamine correlates were similar for leisure (n=56), 283 traditional sports discipline (n=27) and polo (n=19) horses as assessed by visual inspection 284 of the box-plot, thus median values are provided. 'Anxiety' (χ 2 (2) = 9.418, p = 0.009),
285
'Excitability' (χ 2 (2) = 8.138, p = 0.017) and 'Inquisitiveness' (χ 2 (2) = 6.002, p = 0.05) were 286 significantly different between the three use categories when corrected for ties. Pairwise 287 comparison with Bonferroni correction highlighted that the leisure animals demonstrated a 288 lower median 'Anxiety' score (-0.21) compared to sport discipline horses (0.50; p <0.009).
289
No significant difference was observed for median 'Anxiety' score between polo horses (-290 0.01) and leisure (p = 0.335) nor traditional sports discipline animals (p = 1.000). Leisure 291 animals demonstrated a lower median 'Excitability' score (-0.36) compared to traditional 292 sports discipline horses (0.49; p = 0.019). Polo animals median score (-0.30) showed no 293 significant difference between either leisure (p = 1.000) or sports discipline horses (p = 0.112).
294
Furthermore, leisure animals demonstrated an increased median 'Inquisitiveness' score 295 (0.06) compared to polo horses (-0.51; p = 0.049), though no difference was apparent 296 between traditional sports discipline horses (0.09) and leisure (p = 1.000) or polo animals (p 297 = 0.130). No other temperament traits, SBR or BIR were found to demonstrate statistical 298 significance between uses. of SBR data gathered is roughly in-line with our previous work (Roberts et al., 2015) . SBR is correlated with striatal DA levels, with increases indicating higher, and decreases lower, 306 levels of production and release of DA (Kaminer et al., 2011) . Therefore, our data suggest 307 that SBR may not only be a potentially useful predictor of central dopamine function in relation 308 to behavioral output and as a risk factor for onset of pathology, but also as a proximate 309 predictor tool. Furthermore, given that SBR does not appear to contribute to temperament 310 traits themselves, this could indicate the suitability of SBR as a potential measure of 311 underlying temperament components as opposed to being a direct causal factor. From a mechanistic standpoint, when DA agonists are administered, there is a partnership 334 between the elevation of DA levels and the emergence of behaviors characteristic of anxiety 335 (McCullough & Salamone, 1992; Cancela et al., 2001) . This DA elevation appears to result 336 from GABA disinhibition at the level of the midbrain i.e. the ventral tegmental area (VTA)
337
( Biggio et al., 1990; Nikulina et al., 2005) . A similar progression could also be apparent in 338 environmentally induced anxiety. For example in rodents chronic stressors such as restricted 339 feeding, social isolation and restricted locomotion are known to induce mu-opioid proliferation 340 (Nikulina et al., 2005) , and therefore resulting in GABA disinhibition, in addition to 341 sensitisation of the dopaminergic pathways (Cabib et al., 1998) with twin studies also demonstrating that individuals who later develop Parkinson's are more 419 self-controlled than their non-effected twin (Menza, 2000) . It is thought that the emergence of which contribute to the 'Docility' temperament trait in this cohort of horses (Table 2) , it is 423 reasonable to propose that the more 'docile' horses are also more slow-tempered and self- 
